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Who is E3?
Thought Leadership, Fact Based, Trusted.

San Francisco New York Boston

100+ full-time consultants
Engineering, Economics, 

Mathematics, Public Policyé
30 years of deep expertise

Calgary

Recent Examples of E3 ProjectsE3 Clients

Buy-side diligence support on several successful 

investments in electric utilities (~$10B in total)

Acquisition support for investment in a residential 

demand response company (~$100M)

Supporting investment in several stand-alone

storage platforms and individual assets across 

North America (10+ GW | ~$1B)

Acquisition support for several portfolios and 

individual gas-fired and renewable generation 

assets (20+ GW | ~$2B)

United Nations Deep Decarbonization Pathways 

Project

California: 100% clean energy planning and 

carbon market design for California agencies

Net Zero New England study with Energy Futures 

Initiative

New York: NYSERDA 100% clean energy planning

Pacific Northwest: 100% renewables and 

resource adequacy studies for multiple utilities

300+ 
projects 

per year 

across our

diverse 

client base
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About this study

ê BPA contracted with E3 to conduct 

an independent analysis of the 

electricity system value of the four 

lower Snake River (LSR) dams

ê E3 utilized our RESOLVE optimal 

capacity expansion model to 

identify least-cost portfolios of 

electricity resources needed to 

replace the electric energy and 

grid services provided by the 

dams through 2045

ê Replacement costs are considered 

within the context of the 

Northwest regionôs aggressive, 

long-run decarbonization goals

Lower Snake River Dams 

Key Study Questions:

ÅWhat additional resources would be needed to replace the power 

services provided by the LSR Dams through 2045?

Å What is the net cost to BPA ratepayers?

Å How do costs and resource needs change under different types of 

clean energy futures?

Å How much does replacing the dams rely on emerging, not-yet-

commercialized technologies?
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What would it take to replace the output of the four lower 

Snake River dams?

ê What energy services are lost if the dams are breached?

Å 3,483 MW of total capacity*, including approximately 2,300 MW of firm peaking capability to avoid power shortages during extreme cold 

weather events

Å ~900** annual average MW of low-cost, zero-carbon energy (enough energy to support ~450,000 households or 1.7x the City of Portland) 

as well as operational flexibility services

ê How much would it cost to replace the power benefits of the four lower Snake River dams in E3ôs study with breaching in 

2032?

Å In E3ôs baseline scenario, total net present value (NPV)*** replacement costs would be ~$12 billion

Å In a deep decarbonization scenario with higher loads and zero emissions electricity by 2045, NPV costs range from $11.2-19.6 billion with at 

least one emerging technology

ï Reaching deep decarbonization absent breakthroughs in not-yet-commercialized emerging technologies, NPV costs could increase to $42-77 billion

ê What are the long-term rate impacts to ~2 million public power households in 2045?

Å Public power costs increase by 8-18% or ~$100-230 per year across most scenarios

ï Costs increase by 34-65% or ~$450-850 per year under deep decarbonization scenario absent emerging technology breakthroughs

ê What resources are needed to replace the dams?

Å A combination of renewable generation (wind), ñclean firmò resources(such as dual fuel natural gas + hydrogen plants, advanced nuclear, 

or gas with carbon capture and storage), and energy efficiency

Å Battery storage cannot cost-effectively replace hydro capacity in the Northwest due to charging limitations during energy shortfall events

ê What is the timeline necessary to add the resources that would be required?

Å E3 estimates that adding additional renewable energy and firm capacity additions would take approximately 5-7 years after congressional 

approval to breach the dams and possibly up to 10-20 years if additional new large-scale transmission was required. E3 assumed transmission 

would be built as needed for renewable additions.

Plant

Total 
Capacity 
(MW)

Lower 
Granite

930

Little 
Goose

930

Lower 
Monumental

930

Ice Harbor 693

Total = 3,483 MW

* Hydro traditionally operates above nameplate and closer to overload capacity (~15% above nameplate) and FERC uses these peak generation values in hydro licensing. Historical peak generation was 3,431 MW. 

** E3ôs RESOLVE model uses 2001, 2005, and 2011 hydro years, which resulted in ~700 aMW of lower Snake River dams generation, making it a conservative estimate of the damsô GHG-free energy value

*** NPV calculated over a 50-year period following the date of breaching, using a 3% discount rate based on the approximate public power cost of capital.



Study Approach
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What grid services do the lower Snake River dams 

provide?
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Time of Day

Midnight Noon Midnight

Total ñCapacityò

Maximum instantaneous power output the four dams

LSR Dams = 3.5 GW*

ñFirm Capacityò

Sustained peaking output (+ reserves) during reliability 

strained conditions 

(e.g. cold January during a drought year)

LSR Dams = 2.3 GW**

* Hydro traditionally operates above nameplate and closer to overload capacity (~15% above nameplate) and FERC uses these peak generation values in hydro licensing. Historical peak generation was 3,431 MW.

** Firm capacity assumed in this study is consistent with the ~65% Northwest hydro capacity value assumed by PNUCC (the Pacific Northwest Utilities Conference Committee). 

*** Average GW means that on average across an average year the plant generated at ~0.9 GW, though its hourly output may be above or below that amount. LSR output was adjusted to reflect increased spill requirements of 

the EIS. However, E3ôs RESOLVE model uses 2001, 2005, and 2011 hydro years, which resulted in ~0.7 aMWof lower Snake River dams generation, making it a conservative estimate of the damsô GHG-free energy value.

Annual (Carbon-free) Energy

Sum of hourly power produced across the year, 

subject to seasonal water availability 

LSR Dams = 0.9 average GW***

Operational Flexibility

The ability to change power output to support a reliable 

grid, subject to water availability and operational 

constraints

LSR Dams provide short-term reserves + multi-hour 

ramping / renewable integration capabilities

E3ôs modeling 

selects the 

least-cost 

portfolio of 

resources to 

replace these 

services

Example hydropower output from 

the lower Snake River Dams 

Ice Harbor

Lower Granite

Lower Monumental

Little Goose

Transmission Grid Reliability Services

Services to reliably operate the transmission grid

(e.g., voltage, frequency support, blackstart, etc.)

LSR Dams can provide, but not the focus of this study

Some of these services may 

be provided by modeled 

replacement resources, 

other may require additional 

investments
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Whatõs the focus in this study compared to the CRSO EIS?

The study uses an optimization model to determine the least-cost replacement resources for the four lower Snake 

River dams subject to A) policy and B) reliability constraints

ê Least-cost optimization: includes updated resource pricing and new emerging technologies

ê Policy: E3ôs modeling considers the effects of regional policies such as Washingtonôs Clean Energy 

Transformation Act (CETA) and Oregonôs 100% clean electricity standard

Å Aggressive clean energy laws drive coal power plant retirements, price carbon emissions, and require long-term carbon emissions 

reductions by 2045

Å Study includes significant electrification that increases demand for electricity to support carbon-reduction in other sectors such as 

transportation, buildings, and industry, consistent with Washingtonôs Energy Strategy

ê Reliability: E3ôs modeling captures the need for the Northwest system to meet peak load during extreme 

weather and low hydro conditions (known as ñresource adequacyò).

Å Captures the abilities and limits of different technologies to serve load during reliability challenging conditions

ï E.g. during extended cold-weather periods with high load, low hydropower availability, and low wind and solar production

Å Resources with high energy production costs may be selected for reliability needs but then run sparsely only during extreme 

conditions (e.g. natural gas + hydrogen combustion turbines)

ê LSR operations: incorporates preferred alternative operations selected in the EIS

Å Increases spill from the dams, lowering available annual energy and changing operational flexibility 
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Policy landscape: Washington, Oregon, California

RPS or Clean 

Energy Standard?
Coal Prohibition? Cap-and-Trade? New Natural Gas?

Economy-Wide 

Carbon Reduction?

WA

Ṋ

Carbon neutral by 

2030, 100% carbon 

free electricity by 

2045

Ṋ

Eliminate by 2025

Ṋ

Cap-and-invest 

program established 

in 2021,

SCC in utility 

planning

Ṋ

Ṋ

95% GHG emission 

reduction below 1990 

levels and achieve 

net zero emissions by 

2050

OR

Ṋ

50% RPS by 2040, 

100% GHG emission 

reduction by 2040, 

relative to 2010 levels

Ṋ

Eliminate by 2030

Ṋ

Climate Protection 

Plan adopted by DEQ 

in 2021 (power sector 

not included)

Ṍ

HB 2021 bans 

expansion or 

construction of power 

plants that burn fossil 

fuels

Ṋ

90% GHG emission 

reduction from fossil 

fuel usage relative to 

2022 baseline  

CA

Ṋ

60% RPS by 2030, 

100% clean energy 

by 2045

Ṋ

Coal-fired electricity 

generation already 

phased out

Ṋ

Ṍ

CPUC IRP did not 

allow in recent 

procurement order

Ṋ

40% GHG emission 

reduction below 1990 

levels by 2030 and 

80% by 2050 

ê The study includes the impacts from clean energy policies in the Pacific states
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CPUC

CEC

CARB
HECO

LADWP

NVE

PNW

Colorado

Xcel

PJM

NYSERDA
ISO-NE

Nova Scotia

El Paso Electric

OPPD

Energy 

NW

Atlantic 

Provinces 

of Canada

SMUD

PSE

Study uses E3õs Northwest RESOLVE Model

ê E3 has used RESOLVE across North America to 

tackle complex policy and planning questions

ÅRESOLVE develops optimal portfolios of zero-carbon 

resources to meet policy and reliability goals

RESOLVE Case Studies 

ê E3 has used RESOLVE in several prior Pacific 

Northwest studies

ÅPNW Low-Carbon Scenario Analysis (PGP, 2017)

ÅPNW Zero-Emitting Resources Study (ENW, 2021)

Pacific Northwest Low-Carbon Scenarios


